We examined various media and conditions to isolate symbiotic cyanobacteria from the leaf cavities of Azolla spp. Cyanobacteria survived and multiplied to a limited extent on a medium with fructose, Casamino Acids, yeast extract, and NaNO3 under 1 %02. These cyanobacteria were antigenically identical to the endosymbionts.
Azolla sp. Lam. is an aquatic fern that lives symbiotically with the nitrogen-fixing cyanobacterium Anabaena azollae Strasb. As a consequence of N2 fixation by symbiotic A. azollae, Azolla sp. is used as a nitrogen biofertilizer for irrigated rice in some areas of Asia. Understanding of this symbiosis is much more limited than that of legume-Rhizobium symbiosis. One major constraint to a study of this symbiosis is the lack of isolated A. azollae. Many researchers have reported isolation of A. azollae from Azolla spp. (3-7, 16, 20, 22-24) . Studies of the antigenic relationship of the isolates and the endosymbionts (3, 10, 11) , fern lectin (14) , and DNA fingerprinting (8, 9, 15, 18) show that the cultured A. azollae bacteria were antigenically and genetically different from freshly isolated endosymbionts. Inoculation of the cultured Anabaena strains into germinating sporophytes of Anabaena-free Azolla sp. failed to establish N2-fixing symbiosis (12) . Physical transfer of the endosymbiont from the indusium of the megasporocarp to another endosymbiont-free megasporocarp was the only way to establish symbiosis artificially (12) . On the basis of these observations, Peters and Meeks (17) suggested that the isolates originated from microsymbionts associated with Azolla spp. and the endosymbiont may be an obligate form that has lost the ability to grow outside the host plant. Comparative studies of zymograms, morphology, and lectin binding of cultured A. azollae strains also raised suspicions about their identity (25) . It is possible that cyanobacteria epiphytic on the leaves of Azolla spp. multiplied on artificial isolation media. Roger and Reynaud (19) Tween 80 for 1 min, and then washed with sterilized water three times. The bag was then dipped in 10% H202 solution for 3 min, followed by washing with sterilized water. The surface-sterilized fronds were placed on a sterilized glass slide plate and examined under a microscope in an airfiltered room. The leaves 4 to 10 from the tip were cut at the basal portion of the dorsal lobe, the lobes were inverted, and the leaf cavity was exposed. Fine-tip forceps were used to transfer Anabaena filaments from the leaf cavities to a depression slide. Cyanobacteria from 15 to 20 leaves suspended in 0.04 M phosphate buffer solution (pH 7.4) in the depression were transferred to culture medium with an injection syringe. Anabaena cells were cultured in liquid media in 10-mm-diameter tubes or on agar medium in 25-ml serum bottles or petri dishes. Inorganic-N-free BG-11 (21) or A&A (2) medium was the basal medium. Various organic and inorganic supplements were added to these media (Table  1) . In experiment 8, a mixture of antibiotics (penicillin [500 U/ml] and tetracycline [50 ,ug/ml]) was added. When cyanobacteria were grown under low 02 pressure, the gas phase of a serum bottle or a container with petri dishes was replaced with 1% 02 and 99% N2.
Unless otherwise noted, cultures were first placed in the dark at room temperature for 5 days to avoid photobleaching and then transferred to a growth cabinet at 26°C for 12 h in the light (10,000 lx) and 18°C for 12 h in the dark (experiments 2 to 9).
The growth and color of cells were observed visually on a periodic basis. To examine cell multiplication from the filaments, microcolonies of cyanobacteria grown on agar media were marked and observed under a microscope, and photographs were taken from outside vials or petri dishes.
Specific monoclonal antibodies prepared by Liu et al. (13) After cyanobacterial cells were transferred from Azolla leaves, their color faded to yellow-green and they eventually became colorless. The length of time during which the cells remained green was therefore used as the criterion for judging relative length of survival. The length of time differed with the culture media and culture conditions. Transfer of cells under light to N-free BG-11 or A&A medium (the conditions used by many investigators to isolate cyanobacteria) was least effective in maintaining the green color of the isolated cyanobacteria (experiment 1). When cyanobacterial cells were exposed to light immediately after transfer to the medium, photobleaching occurred within 3 to 4 days (comparison between experiments 1 and 2). Photobleaching was also observed in free-living cyanobacteria (1). Color was not recovered when the cells were incubated further in the dark. When the isolates were precultured in the dark for 4 to 6 days, the period during which they remained green was longer. Addition of inorganic N and fructose to N-free BG-11 or A&A medium increased the period during which the cells remained green (Table 1, experiments 3 and 4) .
Semisolid medium was more effective than liquid medium in enhancing isolate survival (Table 1 , experiments 5 and 6). Furthermore, microaerobic conditions increased the period during which the cells remained green to 119 days or even longer (Table 1 , experiments 7 and 9). The most effective treatment was 1% 02 on agar medium with fructose, Casamino Acids, and NaNO3 (experiment 9).
Cell division was observed only on agar cultures amended with combined N, yeast extract, and fructose under microaerobic conditions. When multiplied to form a chain, the cells at one end of the old filaments first underwent deformation (Fig. 1) . Cells at the ends of old filaments often detached from the separate filaments and formed other chains. Newly formed cells within filaments were, however, shorter, smaller, and less green than old cells. Heterocysts were formed at a lower frequency than in original filaments. Deformed and enlarged cells were often mixed in newly multiplied cells. The possibility of deformation of old filaments instead of multiplication was ruled out because continuous visual observation of microcolonies showed multiplication at the ends of filaments. Although the multiplied cells were green for 6 months, the maximum number of new cells in a filament was 30 and they did not grow continuously to produce colonies.
Monoclonal antibodies reacted positively with both old and new cells (Fig. 2) . Partially degraded cells in old filaments also showed a positive reaction.
Associated bacteria often overgrew in the media supplemented with organic matter, which may have inhibited the growth of cyanobacterial cells. Treatment with antibiotics inhibited the growth of both bacteria and cyanobacteria (experiment 8).
For comparison, free-living cyanobacteria Anabaena cy- azollae grew. In N-free inorganic media, free-living cyanobacteria grew very well, but in media supplemented with combined N and fructose, which were better for A. azollae, free-living cyanobacteria lost their greenness within a week and did not divide.
Although our experiment was not successful in isolating the endosymbiont of Azolla spp. under free-living conditions, the results were not inconsistent with the current knowledge of endosymbionts. The suggestion that all of the isolated A. azollae strains were not true symbionts is supported by this experiment, because A. azollae could not grow on N-free media, on which all of the previous isolates were eventually grown. Multiplication on media amended with organic matter and combined N under microaerobic conditions may be explained by the mixotrophic and nondiazotrophic (unable to grow on dinitrogen) nature of the symbionts in the leaf cavity (17) .
Although Peters and Meeks (17) suggested that endosymbionts are obligate symbionts, further improvement of culture conditions may lead to success in isolating endosymbionts in artificial media. This experiment showed that microaerobic conditions, organic amendments, and nitrogen enrichment can enhance survival of cultured endosymbionts and allow limited multiplication.
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